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The study aimed to evaluate the immediate results of the use of electret in the surgical treatment of children with Perthes
disease.

Methods. The study was based on the results of a comprehensive examination of 10 patients (10 hip joints; average age,
7.2%0.7 years). To stabilize the joint and comply with the principle of “containment therapy,” all children underwent triple
pelvic osteotomy, which was supplemented by a transphyseal implantation electret. Postoperatively, all patients were
evaluated for the severity of pain syndrome and amplitude of movements and underwent ultrasonography, radiometry of
the main indicators of the structure and stability of the hip joint, computed tomography, and magnetic resonance imaging
of the hip joints.

Results. The visual analog scale questionnaire indicated the presence of a moderately pronounced pain syndrome on
postoperative day 3, with its complete relief by day 7. Ultrasound studies showed the absence of synovitis, and goniometry
revealed the achievement of physiological indicators of flexion and abduction to the end of the hospitalization period.
According to the radiation methods, all patients had elimination of subluxation with the restoration of hip joint stability
and a significant improvement in the shape of the femoral head with the appearance of its single bone contour. The volume
of the bone part of the femoral head increased by 15%-35% from the original, and there was a significant improvement
in the shape of the cartilaginous model with the complete absence of a necrosis focus in the femoral head, close to the
physiological position of the labrum acetabulum.

Conclusions. The use of electret in the surgical treatment of children with Perthes disease in Catterall groups III-IV and
hip subluxation due to the anti-inflammatory effect makes it possible to alleviate pain syndrome and manifestations of
synovitis early after surgery and to begin rehabilitation treatment with the achievement of the physiological amplitude of
movements in the hip joint in the immediate postoperative period. The osteoreparative effect of the electrostatic electret
field alone or in combination with anti-inflammatory treatment increased the volume of the newly formed bone tissues
of the femoral head with a decrease in the area of its defect or disappearance of compression of the central part of the
epiphysis with the differentiation of the initial elements of the trabecular pattern, in comparison with the homogeneous
high-intensity structure of the femoral head.
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Ilens pa6omsl — OLeHUTH GIVKailIMe pe3yabTaThl IPUMEHeHUs] OPTOMeANYECKOTO IeKTPeTa B XUPYPrUueckoMm Jieye-
HUM HeTeii ¢ 6one3HbIo IlepTeca.

Mamepuan u memodst. ViccienoBaHyue OCHOBaHO Ha pe3y/abTaTaX KOMILIEKCHOTO o6ciemoBanus 10 manyenTtos (10 Ta-
306eIpeHHbIX CYyCTaBOB) B CpeHeM Bo3pacTe 7,2+0,7 yeT. BceM AeTsaM AJisI CTa6UIM3alMu CycTaBa M COOIOeHNs TPUH-
uumna “containment therapy” 6bi1a BhIIIONHEHA TPOJHAS OCTEOTOMMS Tas3a, KOTOpas 6blIa NOMOAHeHa TpaHCchU3apHOii
MMIUTaHTAllMe OpTOIeqMUecKoro JeKTpeTa. B mociaeonepalfoHHOM T€pMOe OLIEHMBaIM BbIPaKeHHOCTh 60IeBOTO
cuHapoma 1o BAIIl, aMminTyny JBUKEHU, BHIMOTHSIVM PEHTTeHOMETPUIO CTPOEHUS U CTAaOUIBHOCTb Ta306eIpeHHOTO
cycraBa, Y31, MCKT u MPT Ta306eipeHHbIX CyCTaBOB.

Pe3ynsmamest. AHKeTHpoBaHMe 1o BAIIl cBMIeTeTbCTBOBAIO O HATMYMY YMEPEHHO BhIPaskeHHOTO 60IeBOTO CMHIPOMA YIKe
Ha3-MCYTKUITOCIe0TIepaliMOHHOTO IePMO/Ia CerOIOTHBIMKYIMPOBaHMe K 7-McyTKaM. Y 3 oKa3aio OTCYTCTBME CMHOBUTA, &
TOHMOMETPUSI— JOCTVKeHMe DU3MOIOrMYecKMX oKasaTesneli Crubauus M OTBedeHMsI KOKOHUAaHWI0 CPOKATOCTIUTATU3 AN,
Mo JaHHBIM JIyUYeBbIX METOZOB MCC/IeOBAHMSI, Y BCEX MAllIEHTOB GbIT yCTPAHEH MOIBBIBMX C BOCCTAHOBIEHMEM CTAOUITb-
HOCTY Ta300eJpeHHOr0 CyCTaBa, 3HAUMUTEIbHOE yayuliieHne GOpMbl TOJOBKM OeIpeHHO KOCTH ¢ GOpMUPOBaHMEM ee
eIMHOr0 KOCTHOTO KOHTYpa. BennunHa 06beMa KOCTHO YacTy FOJIOBKYM yBeanumiach Ha 15-35% (2-3 ¢cM®) OT MCXOMHOVA.
Taxke 3HAUMUTENbHO YIyUlIIach popmMa xpsineBoit MOIea ¢ OTHbIM OTCYTCTBMEM Ovara HeKpo3a B TOJIOBKe GepeH-
HOIT KOCTH, osioskeHue labrum acetabulum mpu6AN3UIOCH K GU3UOIOTUUECKOMY.

3axnouenue. TIpyMeHeHMEe OPTOMEIMUECKOTO JIEKTPeTa B XUPYPruueckoM JiedeHuM JieTeit ¢ 6ome3Hbio [lepTeca rpymim
III-1V mo Catterall 1 momBbrIBUXOM Gefipa MO3BOJSIET KYITMPOBATh OOMIEBOI CMHAPOM ¥ IIPOSIBIEHUS CMHOBUTA B PaHHNE
CPOKM ITOCJIE OTIepalyy 3a CYET MPOTUBOBOCTIATUTENBHOTO 3¢ deKTa, HauaTh BOCCTAHOBUTEIbHOE JIeUeHME C JOCTVKEH -
eM GU3NOIOTMUECKOI aMIUIUTYbI ABMKEHNIT B Ta306eJpeHHOM CyCTaBe B GiVsKaiilieM MMoc/ieonepanyoHHOM epuoe.
OcTreopenapaTUBHBIN 3PHEKT 3EKTPOCTATUYECKOTO TTOJIS AIEKTPETA MPUBOIUT K YBEIUMUEHUIO 00beMa HOBOOGPa30BaH-
HOJT KOCTHOJ TKaHM TOJIOBKY 6e/ipa ¥ yMEHbIIEHUIO 30HbI ee AedheKTa UM OTCYTCTBUIO KOMITPECCUY IEHTPATbHO YacTu
snmudu3sa ¢ guddepeHINPOBKOI HAYATbHBIX JIEMEHTOB TPAOEKY/ISIPHOTO PUCYHKA B CPABHEHUY C TOMOTEHHOJI BHICOKO-
MHTEHCUBHOV CTPYKTYPOJi TOJIOBKYM GeJpeHHOI KOCTM.

KroueBbie cjioBa: meti, 6onesHb [lepreca, moaBbIBMX Gepa, TPOifHAsl OCTEOTOMMSI Ta3a, OPTOIeIUUECKUI J/IeKTPET.
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Background

Currently, Perthes' disease remains one of the
most severe and difficult in terms of the treat-
ment of hip joint diseases in children. The inci-
dence of this pathology ranges from 0.4 to 29.0
per 100,000 children with a peak of the disease
from 4 to 8 years [1, 2, 3]. The pathogenesis of
the disease is a violation of arterial perfusion of
the proximal epiphysis of the femur with its sub-
sequent infarction and the formation of a necro-
sis focus with a different volume of lesion of the
femoral head [4, 5]. The natural course of Perthes'
disease in children in groups III-IV according to
the Catterall classification [6] leads to deforma-
tion of the femoral head with the formation of
an extrusion subluxation of the latter. With such
radiological picture of the disease, an adequate
method of treatment is surgical — “primary sur-
gical containment". One of the most common
methods of surgical treatment that allows to sta-
bilize the hip joint and significantly improve the
shape of the proximal epiphysis of the femur is a
triple osteotomy of the pelvis. At the same time,
it should be emphasized that there are no studies
to assess the course of the processes of revitali-
zation of the necrosis focus in the femoral head.
To date, in order to reduce the recovery time
of the shape and structure of the proximal epi-
physis of the femur, such conservative treat-
ment methods as physiotherapy (various types
of electrophoresis, laser and magnetotherapy)
are widely used, but their effectiveness remains
unproven. It has also recently been established
that electric fields serve as an effective tool for
controlling and regulating cellular and tissue
homeostasis, and electric potentials play an im-
portant role in the proliferation, migration and
remodeling of bone cells [7]. However, all avail-
able electrical stimulators operate from external
power sources, which significantly limits their
use due to the inconvenience caused and the lack
of the possibility of their long-term use. In recent
years, there have been data on methods of stimu-
lating positive biological processes in the human
body by short-range static electric fields cre-
ated by autonomously functioning electretes [8].
Electretes are electrical analogues of permanent
magnets, the physics of which is based on rather
complex phenomena underlying the so—called
electret state of dielectrics [9]. Electretes belong
to the class of active dielectrics and are materials

capable of maintaining residual polarization for
a long time (months or even years) after removal
of external influence and generating a relative-
ly strong (up to 106 V/m) quasi-static (slowly
changing in time) electric field. Along with the
presence of a field, electretes have a very weak
electric current (density 10-14 A / mm?), which
flows along the field voltage gradient. This cur-
rent, which increases many times when the elec-
tret is heated, is called a thermally stimulated
current (TSC). The totality of the manifestations
of electret (electric field and TSC) is called the
electret effect. Currently, there are publications
in the literature reporting successful results of
treatment of adult patients with osteoarthritis of
the joints of the lower extremities using ortho-
pedic electret [10, 11, 12, 13]. Studies concerning
the effectiveness of electret use in the surgical
treatment of orthopedic diseases of the hip joint
in children in our country are of a single nature.

The aim of the study was to evaluate the imme-
diate results of the use of orthopedic electret in
the surgical treatment of children with Perthes’
disease.

Methods
Design of the study

A multicenter open cohort prospective study was
performed.

The criteria for inclusion of patients in the
study were: the age of children from 6 to 8 years,
the presence of hip subluxation, subtotal or total
lesion to the epiphysis (Catterall group III-1V),
the stage of fragmentation of the femoral head,
the absence of surgical interventions history on
the hip joint, the absence of neurological disor-
ders of the lower extremities, systemic and genetic
diseases, voluntary informed consent of patients
and their parents to participate in this study.

Exclusion criteria: age less than 6 and older
than 8 years; femoral epiphysis lesion corre-
sponding to Catterall groups I-1I; absence of hip
joint instability; stage of osteonecrosis, impres-
sion fracture or recovery; presence of confirmed
neurological, systemic and genetic diseases.

Patients

The study included 10 patients (10 hip joints)
aged 6 to 8 (7.2+0.7) years with Perthes disease
in the stage of fragmentation with lesions of the
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femoral epiphysis corresponding to Catterall
groups III-1V, and the presence of extrusion hip
subluxation. There were 8 male (80%) and 2 fe-
male (20%) patients. After diagnosis, all children
underwent conservative treatment at their place
of residence without observing the principle of
“containment therapy” — the centralization of
the femoral head in the acetabulum with a bone
coverage coefficient equal to 100%. In this re-
gard, all patients developed instability of the hip
joint on the side of the lesion in the form of hip
subluxation, which required surgical treatment.
The purpose of the surgery was to restore the sta-
bility of the joint with the creation of conditions
for the formation of the sphericity of the femoral
head and the congruence of the articular surfaces
of the hip joint as a whole.

Surgical technique

A triple pelvic osteotomy was chosen as a sur-
gical treatment technique, which was sup-
plemented by implantation of an orthopedic
electret "Electret stimulator of osteoreparation —
IMPLESO" (Medel LLC, Russia) into the neck and
head of the femur in such a way that its proximal
part was transfisually brought as close as possi-
ble to the focus of necrosis in the femoral head

(Fig. 1).

GAIJFNSHTENU

Fig. 1. Postoperative X-ray images of the patient,
born in 2015: a — AP projection; b — axial
projection. The proximal part of the orthopedic
electret is brought through the neck of the femur
physis to the focus of head necrosis as close

as possible

Methods of examination

The clinical study consisted in the classical
method of examination of patients with orthope-
dic pathology of the hip joints. The preoperative
comprehensive examination included ultrasound
and radiography of the hip joints in anteropos-
terior and axial projections, as well as in the po-
sition of abduction and internal rotation of the
lower extremities in order to assess the centrali-
zation of the femoral head in the acetabulum
and exclude the symptom of “hinge adduction”,
MSCT and MRI of the hip joints. Radiography was
performed on a Philips Digital Diagnostic device
MSCT — on a Philips CT Brilliance 64 multisec-
tion tomograph, MRI — on a Philips Ingenia
Elition 3.0T X device .

In the postoperative period, the examination
included an assessment of the severity of the pain
syndrome on the VAS scale on the 39, 7hand 14%
days after the surgery, the amplitude of move-
ments on the 7" and 14™ days, ultrasound of the
hip joints on the 39, 7" and 14" days., radiogra-
phy of hip joints in anteroposterior and axial pro-
jections, MSCT and MRI 6 months after surgery.
According to the results of ultrasound, the pres-
ence and severity of hip synovitis were assessed.
On the basis of radiographs, radiometry of the
main indicators of the anatomical structure and
stability of the hip joint was performed (Sharp and
Wiberg angles, cervical-diaphyseal angle, angle
of antetorsion of the proximal femur, degree of
bone coverage (UPC). According to the MSCT data,
the shape, size and structure of the femoral head
were evaluated using volumetric and multiplanar
reconstructions using tissue segmentation tech-
niques (color mapping of the affected head) with
measurement of its volume, and densitometric
indicators of femoral head density were evaluat-
ed using the histogram technique of the selected
volume of the area under study. According to MRI
data, the shape of cartilaginous models of the
femoral head and acetabulum was evaluated.

Statistical analysis

Statistical analysis was carried out using Excel
2010 and SPSS Statistics v. 26. Using descrip-
tive statistics, arithmetic averages (M), standard
deviations (SD), median (Me) with the 25th and
75th percentiles (Q1-Q3) were calculated. The
intragroup analysis was carried out using the
Wilcoxon criterion.
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Results

Upon admission to inpatient treatment in the de-
partment of hip pathology, the main complaint of
patients was the restriction of movements in the
hip joint, which was characterized by typical dis-
orders of the amplitude of abduction and internal
rotation in the hip joint (Table 1).

As can be seen from Table 1, functionally sig-
nificant changes in the parameters of the ampli-
tude of flexion and external rotation were not ver-
ified. The Thomas test was negative in all patients.

Ultrasound of the hip joints revealed that 9
(90%) patients had an expansion of the capsular-
cervical space before surgery compared with the
contralateral healthy joint, the average value of
which was 2.5 # 0.4 mm. The data obtained indi-
cated the presence of moderately pronounced sy-
novitis of the hip joint. The results of the X-ray
examination are presented in Table 2.

Table 1
The range of motions in the hip joints in
patients before surgery, degrees

Range of motions

Motion (M%SD) / Me (Q1-Q3)
Flexion 109,0£5,7 /110 (105-115)
Abduction 13,6+3,2 /15 (10-15)

Internal rotation 12,7+4,1 /15 (10-15)

External rotation 44 ,0+7,4 / 45 (40-50)

It was found that in patients with Perthes' dis-
ease there was a moderately pronounced excess of
the upper limit of the normal values of the angle
of inclination of the acetabulum in the frontal
plane, which may be due to extrusion subluxation
of the hip. This is evidenced by the pathological
values of the angle of Wiberg and DBC with the
presence of a site of local hyperpression of articu-
lar surfaces in the upper-lateral part and the for-
mation of secondary deformation of the acetabu-
lum. The values of NSA and AA were within the
physiological norm.

The results of MSCT of the hip joints showed
that in all patients, during the initial studies,
there was a total lesion of the femoral head with
partial preservation of the marginal surfaces of
the epiphysis. The subchondral necrosis zone was
measured when assessing the height of the lat-
eral, central and medial parts of the head. A to-
tal decrease in the height of the central part was
observed in 30% of patients, subtotal — in 70%.
Densitometric characteristics of the density of the
fragmented femoral head according to the histo-
gram showed increased mineralization by an av-
erage of 81.8 #15.9 units. Houndsfield (HU) com-
pared with a healthy femoral head (Fig. 2).

According to the MRI, all patients had defor-
mity of the cartilaginous model of the proximal
epiphysis of the femur and labrum acetabulum
(Fig. 3). The latter, in our opinion, arose due to the
forming coxa magna and hip subluxation.

The severity of the pain syndrome in the post-
operative period according to the results of the
patient survey is shown in Figure 4.

Table 2

Comparison of X-ray anatomical parameters of the hip joint in children
with Perthes' disease before surgery with standard indicators

1 . _ Normative parameters
Parameter Perthes' disease patients (M+SD) / Me (Q1-Q3) in healthy children (Kamosko M.M.) [14])
Sharp angle, deg. 51,1%£2,7 /49,1 (48,0-52,8) 35-45
Wiberg angle, deg. 9,9+4,1/11 (5,5-13,0) 25-40
NSA, deg. 141,5+5,3 /141,5 (138,3-145,0) 125-145
AA, deg. 15,3*2 /15 (13,3-16,0) 10-30
DBC, % 58,3+7,0 /57,5 (51,3-64,5) 85-100
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Fig. 2. Computed tomography of the hip in a patient with Perthes disease (Catterall IV) and hip
subluxation: a — method of measuring the zone of subchondral necrosis; b — assessment of femoral head
density using the histogram technique of the allocated volume of the studied zone

Fig. 3. Magnetic resonance imaging of a patient,
born in 2015, with the diagnosis of Perthes disease
in the stage of fragmentation with total lesion

of the femoral head (Catterall IV) and hip
subluxation (explanations in the text)

The maximum intensity of the pain syndrome
on the 3" day after performing a triple pelvic oste-
otomy in combination with implantation of an or-
thopedic electret was 3 points, which corresponds
to moderate pain. In the future, by the 7th day,
only one out of 10 patients had pain syndrome
corresponding to 2 points according to VAS. On
the 14" day, pain was completely stopped in all
children. The absence of a pronounced pain syn-
drome made it possible to start early rehabilita-
tion treatment according to the methods devel-
oped in the clinic [15], which, in turn, allowed
to achieve an almost physiological amplitude of
flexion and withdrawal by the time of discharge of
patients (Table 3).

Ultrasound of the hip joints performed on the
3rd day after surgery revealed an expansion of
the capsular-cervical space, the size of which was

34 day 7t day 14* day
Fig. 4. Severity of pain syndrome in patients
according to the visual analog scale on

postoperative days 3, 7, and 14

1.4 mm compared with a healthy joint in only 1
(10%) patient. The results of the analysis of the
X-ray anatomical structure of the pelvic and fem-
oral components of the joint, as well as its stabil-
ity, carried out after 6 months are presented in
Table 4.

It can be seen from Table 4 that all patients
had elimination of subluxation with restoration
of hip joint stability, as evidenced by the changes
in the Sharp, Wiberg, and DBC angles (p<0.05).
The moderately pronounced excess of the lower
limit of the normal values of the Sharp angle is
explained by the need for a greater intraopera-
tive lateral inclination of the acetabulum than in
children with hip dysplasia due to the presence
of a destroyed lateral column of the femoral head
and coxa magna forming, as well as its initially
smaller deformation. The results of the MSCT
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Table 3
The range of motions in the hip joints on the 7% and 14" days
of the postoperative period, degrees
7t day 14t day
Motion (M*SD) (M%SD)
Me (Q1-Q3) Me (Q1-Q3)
Flexion 88,5+4,7 105,04,7
90 (85,0-91,3) 105 (100-110)
Abduction 23,0435 28,0+2,6
22,5 (20-25) 30 (25-30)
Table 4
Comparison of X-ray anatomical parameters of the hip joint in children
with Perthes’ disease 6 months after surgery with standard indicators
Parameter Perthes' disease patients (M*SD) / Me Normative parameters
(Q1-Q3) in healthy children (Kamosko M.M.) [14])
34,0%3,3 _
Sharp angle, deg. 34,0 (30,8-35,5) 35-45
. 35,4%4,0 ~
Wiberg angle, deg. 36,0 (32,0-38,5) 25-40
141,5%5,3 -
NSA, deg. 141,5 (138,3-145,0) 125-145
15,3%2,0 _
AA, deg. 15 (13,3-16,0) 10-30
0 98,5+2,4 ~
DBC, % 100 (95-100) 85-100

showed that the structure of the femoral head
bone tissue in dynamics allowed differentiating
the initial elements of the trabecular pattern in
comparison with the homogeneous high-intensi-
ty structure of the head initially, and the densito-
metric characteristics of the femoral head densi-
ty, according to the histogram, began to approach
the values on the contralateral proximal epiphy-
sis. In all patients, during the control study, the
restoration of the shape of the head was noted in
the form of both an increase in the size of the lat-
eral parts (mainly lateral) and a decrease in the

area of the head defect or lack of compression of
the central part of the epiphysis — a significant
improvement in the shape of the femoral head
with the appearance of its single bone contour.
With volumetry, the volume of the bone part of
the head increased by 15-35% (2-3 cm?) from the
initial values (Fig. 5).

The MRI performed showed a significant im-
provement in the shape of the cartilage model
and the absence of a necrosis focus in the femo-
ral head, as well as an approximate physiological
position of the labrum acetabulum (Fig. 6).

52 2022;28(1)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

Fig. 5. Computed tomography of the hip: volumetric and multiplanar reconstructions and tissue
segmentation (color mapping of the affected head) with the measurement of its volume: a — assessment
of the densitometric parameters of the femoral head density using the histogram technique of the selected
volume of the area under study; b — measurement of the volume of the affected head by multiplanar
reconstruction with color mapping; ¢ — measurement of the bone mass volume of the affected head before

surgery; d — 6 months after surgery

Fig. 6. Magnetic resonance imaging

of cartilaginous models of the femoral head
and acetabulum 6 months after surgery
(explanations in the text)

Discussion

The modern treatment of patients with Perthes'

disease is based on the principle of “contain-
ment therapy”, which consists in immersing the
femoral head into the acetabulum with a degree

of bone coverage equal to one, which allows im-
proving the shape of the femoral head and there-
by delaying the development of hip arthritis [16].
Surgical treatment in the vast majority of cases
is required for children over 6 years of age with
total or subtotal lesion to the epiphysis according
to the Catterall classification, since the destruc-
tion of the lateral column of the femoral head
with increased intra-articular pressure provokes
joint instability [17, 18]. To date, in the world
orthopedic practice, in the surgical treatment
of children with Perthes disease with subtotal
or total damage to the epiphysis, to achieve the
principle of “containment therapy”, methods of
corrective (varization) femur osteotomy and tri-
ple pelvic osteotomy are used. There is no clear
answer in the scientific literature about the ad-
vantages of one treatment tactic over another. At
the same time, a number of authors have proved
that the typical shortening of the lower limb after
performing a corrective (varization) osteotomy
of the femur is on average 2 ¢cm, and the com-
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bination of weakness of the gluteal muscles and
different heights of the lower extremities in the
long-term postoperative period forms a violation
of the stereotype of walking in the form of lame-
ness [19, 20, 21, 22, 23]. Triple pelvic osteotomy,
according to many authors, is considered the
most justified surgical technique, since it avoids
intervention on the proximal femur and thereby
excludes the formation of clinically significant
shortening of the lower limb and iatrogenic hy-
pertrophy of the large trochanter [24, 25, 26].
Taking into account the data of the world litera-
ture, in this study, triple pelvic osteotomy was
chosen as a method of surgical treatment of chil-
dren with Perthes' disease. It is known that under
the influence of a pulsed electromagnetic field,
osteoblasts are stimulated and osteogenesis ac-
tivity increases due to an increase in the expres-
sion of TGF-betal and BMP-2/4 proteins, as well
as an increase in intracellular calcium transition
processes [27, 28, 29].

According to a number of authors, a strong
positive anti-inflammatory effect has been
proven under the influence of a pulsed electro-
magnetic field, which causes an increase in the
activity of adenylate cyclase and a decrease in
the production of superoxide anions as a result
of increased regulation of A2A receptors lo-
cated on the surface of neutrophils. This helps
to improve blood flow, and also limits the ex-
pansion of the necrotic zone resulting from is-
chemia [30, 31].

At the same time, there is practically no data
in the available literature on the use of electric
fields, especially immersion fields, in the treat-
ment of this category of pediatric patients, their
effect on the course of the postoperative period
and on a comprehensive assessment of the tim-
ing of the revitalization of the necrosis focus in
the proximal epiphysis of the femur. The pub-
lications mainly concern the evaluation of the
functional results of the treatment of adult pa-
tients with aseptic necrosis of the femoral head.
A number of authors independently proved the
effectiveness of isolated application of surface
electromagnetic stimulation in the early stages
of aseptic necrosis of the femoral head (Ficat I
and II) in adult patients [32, 33, 34]. J.L. Cebrian
et al. and L. Massari et al. in their studies showed
that the overwhelming number of patients re-
ceiving electromagnetic therapy had a signifi-

cant decrease in pain syndrome, and in some it
was completely stopped [32, 33].

R.K. Aaron et al. conducted a comparative
analysis of the effectiveness of electromagnetic
stimulation in 56 patients and surgical decom-
pression of the necrosis focus in 50 patients.
According to the results of the questionnaire on
the modified D'Aubigne functional scale, 68%
of patients receiving this type of physiotherapy
showed clinical and functional improvement,
while the same result in patients receiving surgi-
cal treatment was in 44%. The X—ray examina-
tion showed the progression of the pathological
process in both groups, but it was less pronounced
in patients receiving electromagnetic therapy -
39% versus 64% [35].

Based on the data of a comprehensive exami-
nation in the immediate postoperative period ob-
tained during the execution of our study, it can
be concluded that the constant electrostatic field
created by the implanted orthopedic electret has
anti-inflammatory and analgesic effects. It should
be noted that previously patients had to perform
a physiotherapy procedure for 8 hours a day for
several months, which causes significant social
difficulties. The use of orthopedic electret allows
you to abandon these procedures and improve the
quality of life of patients and their parents.

In the only Russian thematic publication,
N.I. Nelin et al. analyzed the functional and radi-
ological results of treatment of 49 children with
Perthes' disease, while electret implants were
used in 15 patients - a Blount-type plate or screw
[36]. The authors note good anatomical and func-
tional outcomes in 93.3% of patients, while in
children who received similar surgical treatment
without the use of orthopedic electretes, similar
results were found in 86.6%. The authors attrib-
ute the obtained results to the positive effect of
the electrostatic field, which manifested itself in
the activation of proliferation and differentia-
tion of multipotent mesenchymal stromal cells
of the bone marrow, intensification of the pro-
cesses of synthesis of proteins of osteogenic and
chondrogenic orientation, as well as a decrease
in the intensity of pain syndrome due to blocking
the processes of depolarization of the membrane
of cells of specific bone receptors. However, the
authors do not indicate either the timing of pain
relief or the timing of restoration of the structure
of the femoral head.
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Study limitations

Our study has the following limitations: a small
group of patients due to the rare occurrence of
such severity of hip joint lesion in the totality of
the described pathological changes, the absence
of a comparison group and thematic publications.

Conclusions

The use of orthopedic electret in the surgical
treatment of children with Perthes' disease in
Catterall III-IV groups and hip subluxation due
to the anti-inflammatory effect makes it possible
to stop pain syndrome and manifestations of syn-
ovitis in the early stages after surgery, to begin
rehabilitation treatment with the achievement of
physiological range of motions in the hip joint in
the immediate postoperative period. Apparently,
the osteoreparative effect of the electrostatic
electret field in its own version or in combination
with an anti-inflammatory effect provides an in-
crease in the volume of newly formed bone tissue
of the head with a decrease in the area of its de-
fect or the absence of compression of the central
part of the epiphysis with differentiation of the
initial elements of the trabecular pattern in com-
parison with the homogeneous high-intensity
structure of the femoral head.

It is planned to conduct a further study of the
effect of orthopedic electret on the timing of the
revitalization of the necrosis focus and restora-
tion of the structure of the femoral head as part
of a comparative analysis.
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